HYDRAULICS
axis in the water surface, and in the plane of the area, and where x' is the
distance of its centroid from the water surface, x' being measured in the plane
of the area. Thus in the case of a rectangle having one edge in the surface
and having its other edges of length /, the value of k2 is -, and of x' is -,
3	*
so that the distance of the centre of pressure from the surface is •§/.   If
the area is vertical, this is also the depth of the centre of pressure.
Motion of Fluids.—Flowing water may have two types of motion,
viz. stream line, and turbulent motion. In stream-line motion the water
filaments move in definite and parallel paths, and the resistance to flow is
due purely to the shear of adjacent layers and is directly proportional to the
viscosity and to the velocity. In turbulent motion the water moves in an
eddying mass, the resistance is only to a slight degree dependent on the
viscosity and is proportional to the
velocity raised to the power tz, where
n is approximately equal to 2.
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At very low velocities, the motion
is stream line, but as the velocity is
increased the motion breaks down
and becomes turbulent. For any
particular case there is some more
or less definite velocity at which the
change over from one type of motion
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-* V f-S. --—- t0 the other takes place, and this is
known as the Critical Velocity. In
pipe flow the critical velocity is in-
versely proportional to the pipe
diameter. At normal temperatures
the critical velocity for a i-in. pipe
is approximately '25 ft. per second,
and for the size of pipes usual in
engineering practice the motion is always turbulent.
Generally speaking a convergence of the boundaries of a water passage
conduces to stream-line motion, and a divergence to eddy formation. Thus
in the convergent nozzles of an impulse turbine stream-line motion, char-
acterized by a clear glassy appearance of the jet, is possible at very high
velocities.
Water in motion possesses energy in virtue of its velocity, its pressure,
and its height. It has kinetic energy, pressure energy, and potential energy.
Thus water in motion with velocity v f.s. at the point A (fig. i) has kinetic
energy v* -f- 2g ft.-lb. per pound. Its pressure energy is p ™ w ft.-lb. per
pound where p is its pressure in pounds per square foot, and w its weight per
cubic foot, and its potential energy is z ft.-lb. per pound where z is its height
in feet above some datum level. Each of these expressions is equivalent to
a height or head in feet. Thus v* -f- 2^ is the height through which a body
falling freely would attain a velocity v, while p -=- w is the height of a column


